At present, there are many vectors such as plasmids, cosmids, bacteriophage P1 and λ -derived vectors available for cDNA or genomic DNA cloning. Among these vectors, λ -derived vectors are the most popular for library construction and gene cloning. They permit researchers to screen large numbers of clones at high density from the λ libraries and clone the genes of interest easily. However, the most cumbersome part of the λ phage cloning procedure is often the preparation of high-titer lysate and subsequent isolation of DNA. To obtain high-titer phage lysate, most protocols require measurement of the exact titer of phage and host bacteria in advance (6) . These procedures are not only time-consuming, but frequently they are not reproducible. Even after adequate phage lysate has been obtained, the subsequent problem generally encountered is to isolate sufficient phage DNA for cloning or mapping. The established methods for λ DNA isolation generally involve the following steps: (i) precipitate and purify the phage particles by cesium chloride gradient (6), DEAEdextran (4), polyethylene glycol (PEG)/NaCl (1,2,6) or zinc chloride (7); (ii) deproteinate the preparation either by sodium dodecyl sulfate (SDS)/ potassium acetate (7) or phenol/chloroform/isoamyl alcohol extraction (1,2); (iii) precipitate the DNA with ethanol or isopropanol. Problems associated with these methods include low yield, long procedural time and inability to digest the isolated DNA with restriction enzymes. An improved phage DNA isolation method has been reported by using zinc chloride as a phage-precipitation agent (7) . Compared to other DNA purification protocols, the yield of DNA isolated by this method is the highest (4). Nevertheless, we and others have encountered difficulties digesting the DNA isolated by this method (4). We therefore made an attempt to modify the method. The modified protocol is not only simpler and more straightforward, but also the yield of DNA is maintained. In addition, the isolated DNA is ready for restriction enzyme digestions and use for most molecular biology applications such as cloning, polymerase chain reaction (PCR), Southern blot hybridization and sequencing. It can be performed on a small scale for analyzing large numbers of clones or on a large scale for isolating large quantities of DNA for cloning and mapping when the clones of interest have been identified. Together with the phage amplification procedure, it enables us to generate high-titer phage lysates without predetermining the correct titer of phage stocks and host bacteria and obtain enough DNA for further applications in a short period of time. Tables 1 and 2 detail the procedures for phage amplification and DNA preparation, respectively. This phage amplification procedure typically yields a phage titer of 1 × 10 10 plaque-forming units (pfu)/mL. Nevertheless, the yield of phage mainly depends on the λ -derivative vectors and the host bacteria. Therefore, the titer can vary with different hosts and vectors. The bacterial strain TAP90 has been reported to improve the growth of Spi -derivatives of bacteriophage λ and minimize loss of DNA from a recombinant DNA library (5) . We have found that many λderivatives such as Lambda DASH ® I and II, Lambda FIX ® and Lambda Zap ® Vectors (all from Stratagene, La Jolla, CA, USA) can replicate in this strain and generate phage titer greater than 1 × 10 10 pfu/mL. However, the procedure is not limited to TAP90. We have amplified phage in different host strains, such as LE392, XL1-Blue 1. Prepare an overnight culture of appropriate host bacteria at 37°C (e.g., LE392, TAP90) by inoculating a single colony into 5 mL of LB containing 10 mM Mg 2+ (1% tryptone, 0.5% yeast extract, 0.5% NaCl, 10 mM Mg 2+ ). 2. Infect 100 µ L of bacterial culture with 10 µ L of a series of diluted (1:100-1:1000) phage stocks and incubate the mixture at 37°C for 15 min. The phage stocks are made by resuspending a positive plaque into 1 mL of SM buffer (50 mM Tris-HCl, pH 7.5, 100 mM NaCl, 10 mM MgSO 4 , 0.01% gelatin) for 2 h at room temperature with gentle agitation. 3. Plate phage-bacteria mixture with molten top agarose onto a prewarmed agarose plate and incubate at 37°C overnight. One of the plates from the dilution series should lyse confluently. 4. Prepare plate lysates by flooding the confluently lysed plate with 5 mL of SM buffer. Then place on shaker to agitate gently at room temperature for 2 h and proceed to Step 5A. Note: If further amplification of phage is needed, then inoculate 300 µ L of overnight host bacteria in 50 mL of prewarmed LB with 10 mM Mg 2+ at this time and incubate at 37°C with vigorous shaking for 2 h. Following the incubation, proceed to
Step 5B. 5A. Transfer the lysate to a screw-cap tube and clear the bacterial debris by centrifugation at 4000 ×gfor 10 min at room temperature. If a large amount of DNA is not required then, transfer the lysate to a new tube and proceed with DNA isolation. 5B. When the 50-mL bacterial culture reaches OD 600 = 0.5-0.9 (ca. 2 h), amplify phage in liquid culture by adding all the clear-plate phage lysate to the culture and shaking vigorously at 39°C for 2-3 h. The bacteria usually are lysed completely after 2-3 h of infection. If lysis is not obvious, add 1 mL of chloroform and shake for another 10 min. Lysis of the culture should be apparent. If lysis is still not apparent, save the culture by adding another 50 mL of prewarmed LB plus 10 mM Mg 2+ to the culture and split the culture into two 250-mL flasks. Continue incubating for a further 2-3 h with vigorous agitation. Clear the bacterial debris as described in Step 5A. and MRF ′ (Stratagene), by this procedure. The optical density (OD) of bacterial culture has also been found not to be critical for phage amplification with this procedure. We have used a culture with OD 600 = 1.4 to amplify phage successfully. Especially with the procedure outlined above, the ODs of all host strains we have tested are between 0.5 and 0.9 after 2 h of incubation. Therefore, predetermination of the titer of the host bacteria is not required. The optimum temperature for the growth of phage is 39°C. Therefore, it is important to raise the temperature from 37°t o 39°C after the host has been infected with phage. Most existing methods for phage DNA preparation use PEG to precipitate phage. Precipitation of phage using PEG requires a high PEG concentration (10%) and incubation at low temperature (0°C) for at least 30-60 min. The efficiency with PEG precipitation is low, and the DNA is not easily digested by restriction enzymes if it has residual PEG. Alternatively, most phages (90%-98%) are precipitated by 40 mM ZnCl 2 at 37°C for 5 min in media containing less than 0.1 M of NaCl. The yield is lowered either by increased salt concentration or decreased incubation temperature (7). Therefore, low-salt LB (1% tryptone, 0.5% yeast extract, 0.5% NaCl) is suggested for phage amplification if DNA isolation follows amplification. In addition, because agar contains restriction enzyme inhibitors, it is important to use agarose in top and bottom media for plating the phage. We typical - Figure 1 . Digestions of λ λDNA. Phages were amplified, and DNA was isolated from different clones derived from a λ -FIX genomic library as described in the above procedure. The isolated DNA was digested with Eco RI (lanes 1, 3, 5) and Xho I (lanes 2, 4, 6) , then analyzed on a 0.8% agarose gel containing 0.5 µ g/mL of ethidium bromide. Lane M: λ -Hin dIII markers.
ly obtain about 40 µ g of DNA from a confluent-plate lysate (ca. 4-5 mL) and 150-300 µ g of DNA from 50 mL of liquid lysate. The quality of DNA is suitable for restriction enzyme digestion, as shown in Figure 1 , and other molecular biology applications such as cloning, Southern blot hybridization, sequencing and PCR (data not shown). Zinc chloride has been found to precipitate various biological macromolecules including DNA, bovine serum albumin (BSA) and phages other than λ , such as T4 and M13 (3, 7) . We have isolated singlestranded DNA from M13 by this method as well (data not shown).
We often encountered difficulties with amplifying phage reproducibly and obtaining enough λ DNA for cloning or mapping. By reviewing the present protocols, we have developed a streamlined procedure for phage amplification and DNA isolation. Two days after isolating phage plaques, we routinely obtain enough DNA for cloning and mapping projects.
Increased Efficiency of Liposome-Mediated Transfection by Volume Reduction and Centrifugation
BioTechniques 25:46-49 (July 1998) Liposome-mediated transfection, or lipofection, has recently been widely and successfully applied to a variety of cell types (4, 5, 10) . Although toxicity sometimes limits the applicability of lipofection, for those cell types that can withstand the treatment, lipofection often proves to be superior to other more classical transfection approaches such as calcium phosphate, DEAE-dextran sulfate and electroporation (8, (11) (12) (13) (14) . Even for cell types susceptible to lipofection, transfection efficiency often varies unpredictably between experiments, probably because of variations in liposome composition and target cell culture conditions.
While studying the efficacy of lipofection for transducing Cos-1 cells, we attempted to improve and regularize the efficiency of lipofection based on biophysical principles. Analogous to recent discussions regarding retroviral infection by Chuck et al. (3), we hypothesized that the relatively large size of the liposomes' results directly limits how fast and how far they can diffuse through the liquid culture medium to reach their target cells. For liposomes ranging in size from 100 to 200 nm, the mean diffusion velocity is approximately 25-50 µ m/h. Thus, during our transfections with durations of several hours, each liposome has only a finite chance of coming into contact with a Cos-1 cell. In this way, the size of the liposomes would obligately restrict the number of productive interactions between liposomes and target Cos-1 cells, thereby lowering the transfection efficiency. Such Brownian limitations have been demonstrated by several groups of investigators for retroviral infection (2, 3, 9) , leading to the development of flow sedimentation and centrifugation techniques to improve retroviral infection. We therefore asked whether physical techniques might be used to force an increased interaction between lipo -
